SUMMARY Two problems relating to segregation analysis for Wilson's disease are discussed and a practical solution is presented. A problem in the ascertainment of families with Wilson's disease is illustrated by comparing segregation ratios calculated by the single selection, complete truncate, and multiple incomplete selection methods. The effect on the segregation ratio of exclusion from the analysis of those sibs who had died of other diseases at a young age is also discussed and a method of adjustment of the number of the affected using the data on age at onset is proposed.
SUMMARY Two problems relating to segregation analysis for Wilson's disease are discussed and a practical solution is presented. A problem in the ascertainment of families with Wilson's disease is illustrated by comparing segregation ratios calculated by the single selection, complete truncate, and multiple incomplete selection methods. The effect on the segregation ratio of exclusion from the analysis of those sibs who had died of other diseases at a young age is also discussed and a method of adjustment of the number of the affected using the data on age at onset is proposed.
The segregation ratio by multiple incomplete selection (Weinberg proband method) after adjustment for those sibs who had died of other diseases was 0 243, consistent with the theoretical value for autosomal recessive inheritance. The segregation ratio calculated by the single selection method tended to give a lower value, while that calculated by the complete truncate method was greater than the theoretical value. Recessive inheritance is, however, supported. The actual effect of exclusion of those sibs who had died of other diseases on gene frequency estimation is shown to be very small.
Wilson's disease (hepatolenticular degeneration) is a genetic disorder of copper metabolism which presents mainly with hepatic and neurological symptoms.' The disease is one of the most common genetic disorders in Japan, measured by the use of Dahlberg's formula which estimates the gene frequency in the population from the frequency of consanguinity. The incidence was estimated to be from 1 in 20 000 to 1 in 30 000 in Japan.2 3 An autosomal recessive mode of inheritance has been suggested by segregation analysis in various small studies2 [4] [5] [6] in which different analytical methods were used. However, the method of analysis should be determined by the manner of ascertainment of sibships and this question was not thoroughly discussed in the above studies. In Wilson's disease this question of ascertainment needs particular attention. The presence of substantial numbers of missed cases who had died, mainly of hepatic failure without proper diagnosis being made before the index cases were diagnosed,7-9 clearly indicates this problem. The knowledge of a sib's death caused by hepatic failure or with neurological symptoms would increase the probability of diagnosing Wilson's disease in a subsequent child. This suggests that the diagnosis of this disease would be made more frequently in a family with such sibs or already diagnosed cases and less frequently in a Received for publication 21 September 1982. Accepted for publication II November 1982. family where only one affected child had died of acute hepatic failure within a short time. Thus, families with multiple cases would be overrepresented in a sample. In this sense, the ascertainment of pedigrees of Wilson's disease through medical institutions does not seem to suit complete truncate selection nor single selection. The first purpose of this report is to examine this phenomenon by comparing segregation ratios calculated by three different methods based on a large series of patients collected in Japan.
Another problem frequently encountered in segregation analysis is that of dealing with dead sibs. In Wilson's disease, sibs who have died of hepatic failure or with neurological symptoms without a definite diagnosis cannot be excluded as they are most likely cases of the disorder. The number of these is quite large and their exclusion would greatly distort the segregation ratio. Treatment of sibs in the analysis who died of other diseases is another question. The exclusion altogether of these sibs, as in some studies,2 5 6 would falsely raise the segregation ratio. Exclusion of these pedigrees rather than the exclusion of sibs from the analysis is regrettable in such a rare disease and would considerably lower the number of available pedigrees. The second purpose of this report is to illustrate this problem and present a practical solution using available data, namely, age at onset of the disease. enterocolitis, measles, renal disease, drowning, and other accidents. These 164 pedigrees were used in the analysis. The figure shows the probability of a sib of a known age who had died of a disease other than Wilson's disease being a recessive homozygote for Wilson's disease. This figure was derived from the known distribution of age at onset of the disease among 274 cases in this study with the assumption that the disease is autosomal recessive. The probability was calculated in the following way. Probability (a sib who had died of another disease being a recessive homozygote for Wilson's disease at age x) = 0 25 {1-(cumulative percentage of age at onset at age x)}. As the figure shows, all children under 4 years of age have a probability of 25%°/, which is the theoretical segregation ratio under autosomal recessive inheritance. This is because no patient developed the disease before 4 years of age. As the age increases, the probability decreases. The probability after 31 is zero because all patients developed the disease before that age.
Based on this figure, each of the 43 The sibs in group A were those from families in which all the sibs except the cases of Wilson's disease survived; sibships with any dead sib were excluded. The sibships in group B included sibs who were known to have died of other diseases and these sibs were treated as non-affected sibs, that is, as non-homozygotes carrying the genes. In group C sibs who had died of other diseases were excluded as they would have been had they not been born, as done in previous studies.2 5 6 In group D the same dead sibs were given a probability of their being a recessive homozygote according to their age of death, as described previously.
In all the groups, ratios by complete truncate method gave the highest values, those by single selection method gave the lowest values, and those by the Weinberg proband method gave values between the two, as is theoretically expected. All the ratios by complete truncate method were far above the theoretical value of 0 25 expected for autosomal recessive inheritance and they all showed statistically significant differences from 0 25 at the significance level of 0 05. All other ratios were not significantly different from 0 25. The Weinberg proband method gave the closest value in all the sibship groups.
The ratios in group B were the lowest among the groups and this was the result of the treatment of dead sibs as unaffected; the ratios were, therefore, underestimated. Adjustment of the number of sibs, by giving sibs who had died from other diseases a probability of their being a recessive homozygote according to their age of death in group D, raised the ratio which became closer to 0 25 by the Weinberg proband and single selection methods. The differences between groups A and D were not very large.
The criterion for acceptance of autosomal recessive inheritance proposed by Haldane'0 was pc+~2c <0-25<ps---2s, where pc is the ratio estimated by complete truncate method, ps is the ratio estimated by single selection, c is the standard error of the ratio by complete truncate method, and s is the standard error of the ratio by single selection. In all the groups these criteria were met and the values in the formula for group D were 0 390<0 25<0 101. A complex method using ascertainment probability in a more explicit way proposed by Morton14 and Haldane'0 was not used in this study, the reason being the considerable difficulty in estimating the ascertainment probability in hospital cases in the light of the ascertainment problem already mentioned. A simple ratio of probands to the total number of cases would not properly estimate ascertainment probability, nor would ascertainment probability be uniform among sibships. The Weinberg proband method is thought to give a satisfactory substitute in most cases.15 The purpose of this paper was to illustrate the problem of ascertainment in Wilson's disease by comparing the ratios by the three conventional methods rather than to try to find out the best parameters of those methods.
There was only a small effect of adjustment on the estimation of gene frequency. This was expected because it only affects k in the formula and there should not be a substantial difference in the number of sibs who had died of other diseases in consanguineous families compared to nonconsanguineous families.'6'8 There were slightly more such deaths among consanguineous families in this study. The numbers added to correct the number of the affected were 2.29 for 78 sibs from first cousin marriages and 4 15 for 241 other sibs, thus only raising k from 0.3237 to 0.3245. The term k is related only to first cousin marriages. For reference, the proportion of patients from all consanguineous marriages in this study was 39 %.
If the incidence of the disease in Japan during the study period was around 1 in 20 000,3 there must have been 70 to 90 new patients every year, which amounts to from 1000 to 1400 cases for the 15 years. In this study there were only 338 cases and 62 suspected cases. Therefore, roughly one-third were thought to be collected. The numbers used in the genetic analysis were 258 cases and 43 suspected cases. The study was not complete in terms of ascertainment of cases, but it is the biggest so far and would represent the true situation better than previous studies. The 
